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It  has  been found  that hetero- and  euchromatin 
incorporate thymidine at different times. Lima-de- 
Faria (6) observed that in the nuclei of grasshopper 
testes the  label was  incorporated differently into 
sex chromosomes and autosomes, whereas in nuclei 
of young rye  leaf the difference in  the  timing of 
DNA synthesis occurred within each chromosome. 
The same was found for dipteran polytene chromo- 
somes (Ficq and Pavan (4)). The incorporation of 
label  was  confined  to  specific  puffings  at  exact 
stages of larval life. Possibly this metabolic hetero- 
geneity of DNA is a  result of a  varied linkage of 
DNA  to  other  constituents  of  the  chromosome 
material.  Interest has  been directed especially to 
basic proteins. Bloch (3)  underlines the difference 
between nuclei during  autosynthesis and  hetero- 
synthesis. During autosynthesis all DNA should be 
bound  to  histone,  while  during  heterosynthesis 
DNA appears to be linked to a metabolically active 
fraction of residual protein. Agrell (2) found in the 
nuclei  of rapidly  dividing  cells  a  complex  com- 
prising RNA,  DNA,  and  basic protein.  The  sta- 
bility  of  this  complex  weakens  with  advancing 
differentiation. The  present article deals with an 
observation  of  DNA  complexes  of different  sta- 
bilities  as  revealed  by  Feulgen  staining  with 
different hydrolysis times. 
MATERIAL  AND  METHODS 
The materials employed were frogs, Rana temporaria, 
in  embryonic  stages  and  ciliates,  Tetrahymena pyri- 
formis,  in logarithmic and stationary phases of pop- 
ulation  growth,  and  during  growth  in  the  blocked 
division  (Zeuthen  and  Scherbaum  (13)),  a  period 
which,  after  a  series  of  thermal  shocks,  precedes 
synchronous  division.  The  frog  embryos  and  frog 
liver were fixed in buffered formol, 4  per cent, em- 
bedded  in  polyester  wax  with  low  melting  point, 
-+-37°C  (Steedman  (11)),  and  sectioned  in  10  # 
sections. Interfering pigment was bleached in buffered 
3 per cent hydrogen peroxide. To obtain uniformity 
the frog liver sections were also treated in this way. 
The  Tetrahymena ceils  were  attached  to  glass  slides 
by  a  rapid  coagulation  with  alcohol  according  to 
the technique of Agrell  (1).  The fixation was made 
in  alcohol-acetic acid,  3:1.  The  preparations from 
one  and  the  same  homogeneous  material  were 
hydrolyzed  for  different  times  with  1  rq  HCI  at 
-t-58°C. The nuclei were stained with Feulgen. The 
leuco-fuchsin was  prepared  following Rafalko  (10) 
and the subsequent steps were performed according 
to  Leuchtenberger  (5).  The  intensity  of  the  stain 
was  evaluated  microspectrophotometrically.  The 
apparatus was similar to that used by  Pollister  (9). 
The  spectrophotometric readings  were  made  with 
Mendelsohn's  two-wavelength  method  (7).  Only 
interphase nuclei  were  considered.  The  absorption 
spectrum  for  the  Feulgen  stain  in  the  nuclei  was 
found  to  be  independent  of  the  hydrolysis  time. 
Unhydrolyzed nuclei  gave  no  measurable  staining. 
There was never any measurable stain appearing in 
the cytoplasm of the investigated cells. 
The results are given in Figs.  1 and 2.  Each point 
on the curves represents measurements on an average 
of 25 separate nuclei. The standard deviation of the 
mean  has  never exceeded  10  per  cent.  Each  curve 
shown  represents  a  separate  experiment  in  which 
all  preparations  were  hydrolyzed  and  stained  to- 
gether in the same acid and dye respectively. More- 
over, the sections from frog liver and middle gastrula 
were  stained in  the  same  dye.  Accordingly, in  the 
curves the demonstration of a  succession of maxima 
and  minima  is  of  significance.  The  placements  of 
this succession on the abscissa should not be strictly 
compared from one curve to  another. 
RESULTS 
To  state  the  optimal  conditions for  the  Feulgen 
stain,  the intensity of the stain should be plotted 
against hydrolysis time. As far as we have found, 
all  such  curves  hitherto  reported  from  animal 
tissue concern adult cells. Uniform, single-peaked 
curves  were  always  obtained.  As  an  example  of 
such  a  curve,  our  own  measurements on  mouse 
liver  nuclei  are  reproduced in  Fig.  1.  A  related 
curve  was  obtained  for  the  nuclei  of adult  frog 
liver (Fig.  1).  However, the corresponding curves 
for  the  nuclei  of the  early  frog  embryo  show  a 
distinct heterogeneity. At least two different and 
statistically  significant  peaks  are  demonstrated, 
(Fig.  1).  The  experiments do  not allow  any  safe 
conclusions about  conceivable differences in  the 
DNA  heterogeneity between  the  two  embryonic 
stages observed. An indication of a  third peak  at 
short  hydrolysis  time  can  be  seen  in  the  late 
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Changes in  Feulgen stainability, relative  amount 
of DNA,  in  relation to  hydrolysis time,  of nuclei 
from  different  developmental stages  of the  frog. 
For  the  middle  gastrula,  the  minimum  at  10 
minutes' hydrolysis time has been tested in three 
additional series of embryos. For the late blastula, 
measurements from one supplementary series are 
included. These complementary curves are repre- 
sented by the broken lines. At the top of the dia- 
gram is our curve for mouse liver nuclei, fixed in 
alcohol-acetic acid. 
blastula. In any case, the heterogeneity has almost 
disappeared in  the nuclei of the  adult  tissue, the 
frog liver. The microspectrophotometric measure- 
ments  recalculated  from  the  peak  values  above 
12  minutes'  hydrolysis  to  represent  the  total 
amount  of  DNA  per  nucleus  are  well  located 
within the diploid-tetraploid range for both adult 
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Changes in  Feulgen stainability, with varied  hy- 
drolysis  time,  of nuclei  from  different phases  of 
Tetrahymena.  The  middle  curve  represents  cells 
treated  with  heat  shocks  to  induce  capacity  for 
synchronous division.  The  cells  are  fixed  at  the 
same moment as heat treatment was over. 
and  embryonic stages.  The results obtained from 
the  ciliate  nuclei  are  closely consistent  (Fig.  2). 
In  this  material  also,  two  distinct  peaks  in  the 
curve were found, as well as a  tendency to a  third 
peak on short hydrolysis time. During suppressed 
cellular  division,  after  seven thermal  shocks,  the 
peaks are leveled out to a  certain extent. 
The  different  peaks  in  the  hydrolysis  curves 
suggest different types of DNA complexes, which 
are characterized by their varying lability towards 
acid  hydrolysis.  We  believe  that  the  demon- 
strated variations in stability depend upon diver- 
gent linkages of DNA to other macromolecules in 
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Probably  the  heights  of the  peaks  do  not  reflect 
the true relative amounts of DNA in the different 
complexes.  When  using  the  Feulgen  procedure 
one must weigh the development of the stain  in- 
tensity  against  an  undue  decomposition  of DNA 
through  hydrolysis  (cf.  also  Woods  (12)).  Thus 
more DNA may be lost from some complexes than 
from others. 
The  more  labile  DNA  complexes  characterize 
rapidly proliferating nuclei and seem to disappear 
with  advancing  embryogenesis  and  increasing 
differentiation.  It  may  be  that  undifferentiated 
nuclei  contain,  besides  a  firmly  protein-linked 
DNA, a more labile RNA-bound DNA (2), which 
is acid labile simply because it is less protected by 
protein.  Perhaps  the  observed  disappearance  of 
labile DNA during  differentiation  can  be  placed 
in conjunction with successive elimination of DNA 
from  somatic  cells,  contrary  to  germ  cells,  ob- 
served  during  embryogenesis  in  some  animal 
groups  as  a  visible  loss  of  true  chromosomal 
structures  (cf.  Painter  (8)). 
The  investigation,  which  is  being  continued,  was 
facilitated by grants from the Nordic Insulin Founda- 
tion,  Copenhagen,  Denmark,  and  from  the  Royal 
Physiographical  Society,  Lund,  Sweden. 
Received for publication,  July  28,  1962. 
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